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Abstract 
Modern electromagnetic actuators, in particular proportional solenoids, are complex mechatronic systems, including both an 
actuator and its control system. Electromagnetic actuators are often used in control systems of increased liability and therefore 
continuously evolving. The development of new types of electromagnetic actuators is based on experimental configuring of 
parameters of regulators and comprehensive product testing. The complexity and the continuous improvement of the currently 
used magnetic systems require new approaches to the management of high-precision position of the movable elements. This 
article discusses an integrated approach to research, monitoring, diagnostics and control of DC proportional solenoids. This 
approach is based on sensorless measuring of the complex flux-ampere characteristics of the electromagnetic system employed 
detecting malfunctions, and for determining the position of the movable drive member. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of the International Conference on Industrial Engineering (ICIE-
2015). 
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1. Introduction 
The complexity and the continuous improvement of the currently used magnetic systems requires new 
approaches to the management of high-precision position of the movable elements [1]. To implement an effective 
approach in [2] proposed an automated system of automatic control of the production of intelligent actuators [3], a 
major element of which is stand for the diagnostics and configuration controls. In the development and pilot 
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production of new proportional solenoids DC said stand may be in the form of automated systems for research and 
complex tests. These operations are designed to enhance process performance design optimization electromagnets, 
including the use of new materials or materials known in limit operating conditions. 
2. Methods, Equipment And Software 
For the design of automated systems for research and complex tests proportional magnet DC platform National 
Instruments is chosen. The basis used industrial computer chassis-based NI PXIe-1078 [4] under the control of a 
controller NI PXI-8133 [5], with an extra set: NI PXIe-6341 [6], a multimeter NI PXIe-4071 [7] power supply NI 
PXI-4130 [8]. To control the operation of the electromagnet used specialized board NI sbRIO-9636 [9], which 
operates on the FPGA and real-time controller. To determine the position of the movable member used proximity 
sensor type LS5-15 / 10-232-2-V- (12-24) -A [10]. The object of research is a solenoid type KTS P25A00-24. 
The developed algorithms for diagnosis and management based on the principles of natural-model testing and 
measurement sensorless flux-ampere characteristics of electromagnetic systems [11 – 14]. To implement the 
developed algorithms used programming environment NI LabVIEW [15]. To realize full-scale tests [16 – 20] used 
software packages GMSH [21] and GetDP [22], is used to calculate the magnetic field finite element method [23].  
3. Solution Description 
The position of the movable element of the electromagnet x determines the degree of closed magnetic circuit d. 
Degree of closed magnetic circuit d determines the level of the magnetic flux F at a given value of the 
magnetomotive force Iw [24]. The level of magnetic flux has a direct relationship with the magnetic flux of the 
winding ȥ. Thus, there is a physical link between flux-ampere characteristic of the electromagnet ȥ (Iw) and the 
position of its movable element x: 
Ɏ( ) ( )x d Iw ȥ Iwo o o . 
Under the conditions of complexity and uncertainty of the individual parameters of new experimental models of 
products, traditional methods of developing control systems are not effective. To solve this problem are encouraged 
to use the controls on the basis of neural networks. 
The block diagram of the automated systems for research and complex tests of electromagnets shown in Fig. 1. In 
Fig. 2 following notation is used: Chassis NI PXIe-1078 - a block that implements the interaction between the 
individual elements of the system; CBS NI PXI-8133 - Controller of operating system, implements, including 
modeling functions and training of the neural network; ADC NI PXIe-6341 – conversion block, which provides 
measurement of flus-ampere characteristics and the control position of the armature of the electromagnet; UKEP NI 
PXIe-4071 - control device electrical parameters of the electromagnet; DPJ LS5 - anchor position sensor; BP NI 
PXI-4130 - power supply of the sensor position of the armature; CD FPGA sbRIO-9636 – control device for the 
actuator; CCS - controlled current source; OR KTS P25A00-24- object of research.  
 
 
Fig. 1. The block diagram of the automated systems for research and complex tests electromagnets. 
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The algorithm for the system is shown in Fig. 2. 
 
 
Fig. 2. The algorithm of the automated systems for research and complex tests electromagnets. 
 
The system operates as follows. After connecting the electrical connections to the electromagnet system via 
UKEP PXIe NI-4071 (Fig. 1) is executed measurement of electrical parameters of its windings (Block 1, Fig. 2). In 
the second stage (Block 2, Fig. 2) there is a pulsed signal to the working coil of an electromagnet (using CD FPGA 
sbRIO-9636 by CCS, Fig. 1) is sufficient to carry out a full stroke of the armature, sensorless measuring its flux-
ampere characteristics (without installing additional measuring coil - the measured current and voltage at the 
operating winding ADC NI PXIe-6341 with the following calculation flus-ampere characteristic in CBS NI PXI-
8133, Fig. 1) and fixing the position of the armature depending on the time (via DPJ LS5 and CBS NI PXI-8133, 
Fig. 1). The next step (Block 3, Fig. 2) configures the magnetic and electrical parameters of the model of the 
electromagnet on the results of the method of full-scale experiment. This model is used as an object of control to 
adjust the neural network (Block 4, Fig. 2) [25, 26]. In the next step (Block 5, Fig. 2) holds programming CD FPGA 
sbRIO-9636 (see. Fig. 1) with the resultant adjustment parameters and re-running a full-scale experiment with 
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parallel registration flus-ampere characteristics and the position of the armature. The control is performed by 
measuring in real time the flux-ampere characteristic. In the case of obtaining a sufficient precision for the controls 
(Block 7, Fig. 2), the configuration process ends, and is transmitted for analysis (Block 8, Fig. 2), otherwise the 
process repeats starting with the model is refined by the method full-scale experiment. The result of the work of 
neural network [27][28] is shown in Fig. 3.  
 
 
 Fig. 3. Structure of the neural network and the result of its work. 
Fig. 3 shows the structure of the neural network [29] and the result of its work: determining the position of the 
movable element of the electromagnet according to the characteristics of flux-ampere. 
4. Conclusion 
The structure of the automated systems for research and complex tests electromagnets. The algorithm of the 




The results obtained with the support of the grant RFBR ʋ 15-38-20652 “Development of the theory of 
predictive methods for sensorless control and diagnosis of electric drives”. 
References 
[1] V.I. Dubrov, D.V. Shaykhutdinov, K.M. Shirokov, S.V. Akhmedov, N.I. Gorbatenko, Information-measurement system for stend for testing 
hydraulic products, 2015 International Siberian Conference on Control and Communications: SIBCON 2015, Omsk, Russia. (2015). 
http://www.labview.ru/events/sibcon/sbornik/papers/480ni.pdf. 
[2] D.V. Shaykhutdinov, N.I. Gorbatenko, K.M. Shirokov, V.V. Grechikhin, A.M. Lankin, Adaptivnaja podsistema avtomaticheskogo upravlenia 
proizvodstvom intellektualnih electroprivodov, Sovremennie problemi nauki I obrazovania. 1 (2015). http://www.science-education.ru/125-
20095. 
[3] D.V. Shaykhutdinov, N.I. Gorbatenko, S.V. Akhmedov, R.I. Leukhin, Device For Control Of Magnetic Properties Of Electrical Steel For 
Industrial Production Management System, 2015 International Siberian Conference on Control and Communications: SIBCON 2015, Omsk, 
Russia. (2015). http://www.labview.ru/events/sibcon/sbornik/papers/522ni.pdf. 
753 D.V. Shaykhutdinov et al. /  Procedia Engineering  129 ( 2015 )  749 – 753 
[4] Information on http://www.ni.com/datasheet/pdf/en/ds-312. 
[5] Information on http://www.ni.com/pdf/manuals/372870d.pdf. 
[6] Information on http://www.ni.com/datasheet/pdf/en/ds-153. 
[7] Information on http://www.ni.com/pdf/products/us/cat_NIPXI4071.pdf. 
[8] Information on http://www.ni.com/pdf/products/us/cat_Ni_4130.pdf. 
[9] Information on http://www.ni.com/pdf/manuals/373378c.pdf. 
[10] Information on http://www.prizmasensors.ru/production/ls5 
[11] N. Gorbatenko, M. Lankin, D. Shaykhutdinov, K. Gazarov, A. Kolomiets, Electromagnetic induction system for testing ferromagnetic shape 
memory alloys, Proceedings of the 6th International Forum on Strategic Technology, IFOST. (2011) 194–196. 
[12] D.V. Shaykhutdinov, N.I. Gorbatenko, K.M. Shirokov, Facility for Measuring Magnetic Parameters of Articles from Sheet Electrical Steel 
on the Basis of National Instruments Technologies, Metal Science and Heat Treatment. 56 (2015) 618–620. 
[13] N.I. Gorbatenko, V.V. Grechikhin, D.V. Shaikhutdinov, Measuring and Actuating Devices Based on Shape Memory Ferromagnets, Metal 
Science and Heat Treatment. 56 (2015) 609–613. 
[14] A.M. Lankin, M.V. Lankin, N.I. Gorbatenko, D.V. Shayhutdinov, Determination of weber-ampere characteristic for electrical devices based 
on the solution of har-monic balance inverse problem, International Journal of Applied Engineering Research. 10(3) (2015) 6509. 
[15] D. Trevis, LabVIEW dlia vseh (LabVIEW for all), DM Press, Moscow, 2005. 
[16] N.I. Gorbatenko, Naturno-modelnie ispitania izdelij iz ferromagnitnih materialov (Full-scale tests of device of ferromagnets materials), 
SKNC VSh, Rostov n/Don, 2001. 
[17] D.V. Shaykhutdinov, N.I. Gorbatentko, Sh.V. Akhmedov, M.V. Shaykhutdinova, K.M. Shirokov, Experimental and Simulation Tests of 
Magnetic Characteristics of Electrical Sheet Steel, Life Science Journal. 10(4) (2013). 
http://www.lifesciencesite.com/lsj/life1004/361_22173life1004_2698_2702.pdf. 
[18] D. Shaykhutdinov, N. Gorbatenko, V. Grechikhin, K. Shirokov, V. Dubrov, Development of the computer-based stand for research of the 
voltage generation effect of the magnetic shape memory material, Research Journal of Applied Sciences. 10(4) (2015) 170–172. 
[19] D. Shaykhutdinov, N. Gorbatenko, G. Aleksanyan, V. Grechikhin, K. Shirokov, V. Dubrov, M. Lankin, Development of a computer-based 
stand for testing algorithms of electrical impedance tomography, Research Journal of Applied Sciences. 10(4) (2015) 173–175. 
[20] A.M. Lankin, M.V. Lankin, N.I. Gorbatenko, D.V. Shaykhutdinov, Determination of Weber-Ampere Characteristics of Electric Devices 
Using Solution of Inverse Problem of Harmonic Balance, Modern Applied Science. 9(8) (2015) 247–261. 
[21] Information on http://geuz.org/gmsh/ 
[22] Information on http://www.geuz.org/getdp/ 
[23] S.I. Trushin, Metod konechnih elementov (Finite element method), Izdatelstvo Associacii stroitelnih vuzov, Moscow, 2008. 
[24] I.A. Ovchinnikov, Electromehanichesskie I mehatronnie sistemi (Electromechanical and mechatron systems), Korona-Print, Moscow, 2012. 
[25] S. Haykin, Neural Networks: A Comprehensive Foundation: second ed., Prentice Hall, 1999. 
[26] M.Mohri, Murphy, Foundations of Machine Learning, The MIT Press, 2012. 
[27] H. Cartwright, Artificial Neural Networks, Springer-Verlag New York, 2015. 
[28] G.A. Rovithakis, A. Manolis, Christodoulou. Adaptive Control with Recurrent High-order Neural Networks, Theory and Industrial 
Applications,  Springer-Verlag London, 2000. 
[29] K. Patan, Artificial neural networks for the modelling and fault diagnosis of technical processes, Springer-Verlag Berlin Heidelberg, 2008. 
